The information on impact of climatic factors on cotton production is not generally 10 available, or at least not available or at least not available in the required form. 11
INTRODUCTION 26
Understanding of the impact of climatic factors in additions to soil moisture status on 27 cotton production may help the physiologist determine possible control of flowering of 28 the cotton plant. Climate affects crop growth interactively, sometimes resulting in 29 unexpected responses to prevailing conditions. The balance between vegetative and 1 reproductive development can be influenced by soil fertility, soil moisture, cloudy 2 weather, spacing and perhaps other factors such as temperature and relative humidity [2] . 3
Weather, soil cultivars, and cultural practices affect crop growth interactively, sometimes 4 resulting in plant responding in unexpected ways to their conditions [3] . 5 Water is a primary factor controlling plant growth. Luz et al. [4] indicated that, in a field 6 trial in Condado, Paraiba, Brazil, cotton cv. BR 1 was subjected to water stress at 1, 2 or 7 3 of the following stages: pre-flowering (PF), flowering/fruiting (FF) and maturity. Water 8 stress at PF + FF reduced yield by 48% compared with the control. Irrigation only at FF 9 resulted in yield only 5% lower than in the control, and this treatment had the highest 10 water use efficiency. Xiao et al. [5] stated that, when water was applied at 0.85, 0.70, 11 0.55 or 0.40 ET (evapotranspiration) to cotton plants grown in pots, there was a close 12 relationship between plant development and water supply. The fruit-bearing branches, 13 square and boll numbers and boll size were increased with increased water supply. 14 Barbour and Farquhar [6] reported on greenhouse pot trials where cotton cv. CS50 plants 15
were grown at 43 or 76% relative humidity (RH) and sprayed daily with abscisic acid 16 (ABA) or distilled water. Plants grown at the lower RH had higher transpiration rates, 17 lower leaf temperatures, and lower stomatal conductance. Plant biomass was also reduced 18 at the lower RH. Within each RH environment, increasing ABA concentration generally 19 reduced stomatal conductance, evaporation rates, superficial leaf density and plant 20 biomass, and increased leaf temperature and specific leaf area. Oosterhuis [7] stated that, 21 high day/night temperatures and water stress result in low boll weights and reduced 22 cotton yields. Yuan et al. [8] reported that, correlation analysis of meteorological data 23 (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) showed that under the semi-arid ecological conditions on the Loess Plateau, 24 dryness is the main factor limiting the development of cotton production. Evaporation is 25 the main factor that limiting the development of cotton production. 26
Temperature is also a primary factor controlling rates of plant growth and development. 27 Burke et al. [9] has defined the optimum temperature range for biochemical and 28 metabolic activities of plants as the thermal kinetic window (TKW). Plant temperature 29 above or below the TKW result in stress that limits growth and yield. The TKW for 30 cotton growth is 23.5 to 32°C, with an optimum temperature of 28°C. Biomass 31 production is directly related to the amount of time that foliage temperature is within the 32 TKW. Reddy et al. [10] found that cotton cv. ST825 plants grown at optimum 1 temperature (30°C/20°C day/night temperature) partitioned nearly 43% of their total 2 biomass to reproductive structures (bolls and squares) compared with 13-15% for plants 3 grown at a lower temperature. At higher temperatures, biomass partitioned to 4 reproductive parts was negligible. Reddy et al. [11] in growth chamber experiments 5 found that Pima cotton cv. S-6 produced lower total biomass at 35.5°C than at 26. 9°C, 6 and no bolls were produced at the higher temperature of 40°C. 7
General circulation models (GCMs) project increases of the earth's surface air 8 temperatures and other climate changes in the middle or latter part of the 21st century 9
will expose crops such as cotton (Gossypium hirsutum L.) too much different 10 environment than what exist today [12] . To understand the implications of climate change 11 on cotton production in the Mississippi Delta, 30 years (1964 to 1993) of cotton growth 12 and yield at Stoneville, Mississippi, USA, were simulated using the cotton simulation 13 model GOSSYM. The GCM projections showed a 4°C rise in average temperature and a 14 decrease in precipitation during the crop growing season. The rate of plant growth and 15 development was higher in the future because of enhanced metabolic rates at higher 16 temperatures combined with increased carbon availability. The effect of climate change 17 on cotton production was more drastic in a hot/dry year. Since most of the days with 18 average temperatures above 32°C will likely occur during the reproductive phase, 19 irrigation will be needed to satisfy the high water demand, and this reduces boll 20 abscission by lowering canopy temperature. Cultural practices such as earlier planting 21 may be used to avoid the flowering of cotton in the high temperatures that occur during 22 mid-to late summer [12] . Schrader et al. [13] stated that high temperatures that plants are 23 likely to experience inhibit photosynthesis. Zhou et al. [14] indicated that high duration is 24 the key meteorological factor influencing the wheat-cotton cropping pattern and position 25 of the bolls, while temperature had an important function on upper (node 7 to 9) and top 26 (node 10) bolls, especially for double cropping patterns with early maturing varieties. 27
The objective of this investigation was to study the effect of various climatic factors and 28 soil moisture status during the development stage on flower and boll production in 29
Egyptian cotton. This could result in formulating advanced predictions as to the effect of 30 certain climatic conditions on production of Egyptian cotton. Minimizing the deleterious 31 effects of the factors through utilizing proper cultural practices would lead to limit and 32 control their negative effects, and this will lead to improved cotton yield [1] .. 1 2 42.13% clay, 27.35% silt, 22.54% fine sand, 3.22% coarse sand, 2.94% calcium 9 carbonate and 1.70% organic matter) [1] . 10
MATERIALS AND METHODS
In Egypt, there are no rain-fed areas for cultivating cotton. Water for the field trails was 11 applied using surface irrigation. Total water consumptive during each of two growing 12 seasons supplied by surface irrigation was about 6,000-m³ h -1 . The criteria used to 13 determine amount of water applied to the crop depended on soil water status. Irrigating 14 was applied when soil water content reached about 35% of field capacity (0-60 cm). Potassium fertilizer was applied at a rate of 57 kg K 2 O ha -1 as potassium sulfate before 26 the first irrigation (as a concentrated band close to the seed ridge). Nitrogen fertilizer was 27 applied at a rate of 144 kg N ha -1 as ammonium nitrate in two equal doses: the first 28 applied after thinning just before the second irrigation, and the second applied before the 29 third irrigation (in the form of pinches beside each hill). Rates of phosphorus, potassium, 30 and nitrogen fertilizer were the same in both seasons. These amounts were determined 31 based on the use of soil tests [1] . 32 After thinning, 261 and 358 plants were randomly selected (precaution of border effect 1 was taken into consideration by discarding the cotton plants in the first and last two hills 2 of each ridge) from nine and 11 inner ridges of the plot seasons I, and II respectively. Pest 3 control management was carried out on an as-needed basis, according to local practice 4 performed at the experimental station. seasons, respectively [1] . Variables of the soil moisture statuses considered were, the day 22 prior to the day of irrigation, the day of irrigation, and the first and second days after the 23 day of irrigation. 24
The climatic factors considered were: daily maximum air temperature (°C), minimum air 25 temperatures (°C), maximum-minimum temperature (diurnal temperature range) (°C), 26 sunshine duration (h d -1 ), maximum relative humidity (max RH) (%), minimum relative 27 humidity (min RH) (%), and wind speed (m s -1 ), (in season II only). The maximum and 28 minimum air temperatures were measured using mercury and alcohol thermometers, 29 which were freely exposed to environment in louvered screens, with their bulbs at a 30 height of 160 cm above the ground. The actual duration of bright sunshine in a day is the 31 period calculated between sunrise and sunset; Campbell-Stokes sunshine recorders, 32 which were suitably exposed, measured duration of sunshine. The relative humidity (%) 1 was derived from the dry-and wet-bulb thermometer readings using Jellink's 2 Psychometer Tables. No corrections for wind speed or atmospheric pressure were 3 applied. Routine observations of the surface wind speed were taken at the principal 4 synoptic hours 0600, 1200, and 1800 hours, using a Cup-anemometer whose head was 5 freely exposed and erected at two m above ground. The daily mean surface wind speed 6 was the arithmetic mean of the surface wind speed observations at the three principal 7 synoptic hours. All the climatic factors were measured according to the variables) recorded during the production stage for both seasons and overall data are 13 listed in Table 1 . Daily number of flowers and number of bolls per plant which survived 14 to maturity (dependent variables) during the production stage in the two seasons are 15 graphically illustrated in Figures 1 and 2 descended until the end of the season. Specific differences in the shape of these curves in 7 the two seasons may be due to the environmental effects on growth, for which climatic 8 factors (Table 1) play an important role [18] . The square values were determined and 9 calculated using simple correlation coefficient with the independent variables (Y 1 and Y 2 ). 10
Determination included number of days during days 1 (day of flowering)-12 (after 11 flowering) that temperature equaled or exceeded 37.5 °C (high temperature) (X 4 ), minRH 12 during day 1 (day of flowering) (X 7 ), maxRH during day 1 (day of flowering) (X 8 ), 13 minRH during day 2 (after flowering) (X 9 ), maxRH during day 2 (after flowering) (X 10 ), 14 largest maxRH on days 3-6 (after flowering) (X11), lowest minRH on days 3-6 (after 15 flowering) (X 12 ), largest maxRH on days 7-12 (after flowering) (X 13 ), and lowest minRH 16 on days 7-12 (after flowering) (X 14 ). We studied the curve linear (quadratic form) for all 17 X variables and found no important significant effects. Wind speed data, available in the 18 second season, showed no significant effect [1] . 19 20
Correlation estimates 21
Simple correlation coefficients between the independent variables and the dependent 22 Relative humidity also had a significant positive relationship with flower and boll 26 production, except of lowest minRH on days 50-52. Flower and boll production were 27 positive and highly correlated for the variables largest maxRH (X 11, X 13 ) and and lowest 28 minRH (X 14 , X 15 ) in the first season , minRH in the second season (X 7, X 9 ), largest 29 maxRH (X 11 ), and lowest minRH (X 12, X 14 , X 15 ) in the second season, and the combined 30 data of the two seasons,. Effect of maxRH varied markedly from the first to the second 31 32 33 -0.1426 ** Significant at 1 % probability level, * Significant at 5 % probability level. ++ Significant at 10 5 % probability level, + Significant at 15 % probability level. NS Means simple correlation 6 coefficient is not significant at the 15% probability level [1] . 7 is not significant at the 15% probability level [1] . 7 .4219** -0.2359** -0.2535** ** Significant at 1 % probability level, * Significant at 5 % probability level. ++ Significant at 10 % 5 probability level, + Significant at 15 % probability level. NS Means simple correlation coefficient 6
is not significant at the 15% probability level [1] . 7 8 seasons. MaxRH was significantly correlated with the dependent variables in the first 9 season, while the inverse pattern was true in the second season. This diverse effect may 10 be best explained by the differences of 87% in the first season, and only 73% in the 11 second season (Table 1) . Also, when the average value of minRH exceeded the half 12 average value of maxRH, the minRH can substitute for the maxRH on affecting number 13 of flowers or harvested bolls. In the first season (Table 1) , the average value of minRH 14 was less than half of the value of maxRH (30.2/85.6 = 0.35), while in the second season, 15 it was higher than half of maxRH (39.1/72.9 = 0.54). Sunshine duration (X 16 ) showed a 16 significant negative relation with fruit production in the first and second seasons and the 17 combined data of the two seasons except for boll production in the first season, which 1 was not significant. Flower and boll production were negatively correlated in the second 2 season and the combined data of the two seasons during dayes 1-12 that temperature 3 equaled or exceeded 37.5 °C (high temperature) (X 4 ), range of temperature (diurnal 4 temperature) on flowering day (X 5 ) and broadest range of temperature over days 1-12 5 (X 6 ). The soil moisture status showed low and insignificant correlation to flower and boll 6 production. The positive relationship between relative humidity with flower and boll 7 production means that low humidity rate reduces significantly cotton flower and boll 8 production. This may be due to greater plant water deficits when relative humidity 9 decreases. Also, the negative relationship between the variables of maximum 10 temperature exceeded 37.5 °C (X 4 )), range of diurnal temperature on flowering (X 5 ), and 11 sunshine duration (X 16 ) with flower and boll production revealed that the increased 12 values of these factors had a detrimental effect upon Egyptian cotton fruit production. 13
Results obtained from the production stage of each season and the combined data of the 14 two seasons showed marked variability in the relationships of some climatic variables 15 with the dependent variables. This may be best explained by differences between climatic 16 factors in the two seasons as illustrated by the ranges and means shown in Table 1 . For 17 example, maximum temperature exceeding 37.5 °C (X 4 )), minRH did not show 18 significant relations in the first season, while that trend differed in the second season [1] . 19 These results indicated that relative humidity was the most effective and consistent 20 climatic factor affecting boll production. As the sign of the relationship was positive, this 21 means that the sensible decrease in relative humidity would cause a significant reduction 22 in boll number. Thus, applying specific practices such as an additional irrigation and the 23 use of plant growth regulators should decrease the deleterious effect of evaporation after 24 boll formation and hence contribute to an increase in cotton boll production and retention, They found that irrigation (a total of 4.5 inches applied in July) increased lint yield across 1 foliar spray treatments by 18%. They concluded that PGR-IV can partially alleviate the 2 detrimental effects of water stress on photosynthesis and dry matter accumulation and 3 improves the growth and nutrient absorption of growth chamber-grown cotton plants. 4 The second most important climatic factor in our study was sunshine duration, which 5 showed a significant negative relationship with boll production. The negative relationship 6 between sunshine duration and cotton production might be due to the fact that the species 7 of the genus Gossypium are known to be short-day plants [20] . Thus, an increase in 8 sunshine duration above that sufficient to attain good plant growth will decrease flower 9 and boll production. Bhatt [21] found that exposure to daylight over 14 h and high day 10 temperature, individually or in combination, delayed flowering of the Upland cotton cv. J 11 34. The average sunshine duration in the present study was only 11.7 h, which in 12 combination with high maximum temperatures (up to 44°C) may have an adverse effect 13 on flower and boll formation [1] . 14 The factors in this study, which had been found to be associated with boll development, 15 are the climatic factors that would influence water loss between plant and atmosphere 16 (high relative humidity and shorter solar duration). This can lead to direct effects on the 17 fruiting forms themselves and inhibitory effects on mid-afternoon photosynthetic rates 18 even under well-watered conditions. Boyer et al. [22] found that soybean plants with 19 ample water supplies can experience water deficits due to high transpiration rates. Also, 20
Human et al. [23] stated that, when sunflower plants were grown under controlled 21 temperature regimes and water stress during budding, anthesis, and seed filling, the CO 2 22 uptake rate per unit leaf area as well as total uptake rate per plant, significantly 23 diminished with stress, while this effect resulting in a significant decrease in yield per 24 plant. 25 (Table 5 ). Relative humidity (%) was the most 32 during day 1 (X 7 ), minRH during day 2 (X 9 ), largest maxRH on days 3-6 (X 11 ), lowest 14 minRH on days 3-6 (X 12 ), largest maxRH on days 7-12 (X 13 ), lowest minRH on days 7-12 15 (X 14 ) and lowest minRH on days 50-52 (X 15 )] [1] . Sunshine duration (X 16 )) was the 16 second climatic factor of importance affecting production of flowers and bolls. Maximum 17 temperature (X 4 ).), broadest range of temperature (X 6 ), and soil moisture status (X 1 ) made 18 a contribution affecting on flower and boll production. The soil moisture variables (X 2 , 19 X 3 )), and climatic factors (X 5, X 8 , X 10 ) were not included in the equations since they had 20 very little effect on production of cotton flowers and bolls. Relative humidity showed the 21 highest contribution to the variation in both flower and boll production. This finding can 1 be explained in the light of results found by Ward and Bunce [24] in sunflower 2 (Helianthus annuus). They stated that decreases of relative humidity on both leaf surfaces 3 reduced photosynthetic rate of the whole leaf for plants grown under a moderate 4 temperature and medium light level. Kaur and Singh [25] found in cotton that flower 5 number was decreased by water stress, particularly when applied at flowering. Seed 6 cotton yield was about halved by water stress applied at flowering, slightly decreased by 7 stress at boll formation, and not significantly affected by stress in the vegetative stage (6-8 7 weeks after sowing). Orgaz et al. [26] in field experiments at Cordoba, SW Spain, grow 9 cotton cultivars Acala SJ-C1, GC-510, Coker-310 and Jean cultivar at evapotranspiration 10 (ET) levels ranging from 40 to 100% of maximum ET (ET max ) which were generated with 11 sprinkler line irrigation. The water production function of Jean cultivar was linear; seed 12 yield was 5.30 t ha -1 at ET max (820 mm). In contrast, the production function of the three 13 December 31, each week's daily average, maximum, and minimum temperature, solar 13 radiation, rainfall, and wind run were calculated. The averages of each week for the entire 14 28-year period were also calculated, as were the deviations from average for each specific 15 week in each year. They found that climatic factors resulting in maximum cotton yield at 16
Mississippi were: maximum temperature -1% (below the average); minimum temperature 17 was 0 to 5% (above the average); solar radiation was -10% (below the average); wind 18 speed was -10 or +25% (below or above the average) and rainfall was +1 inch (above the 19 average). Reddy et al. [32] Temperature conditions during the reproduction growth stage of cotton in Egypt do not 25 appear to limit growth even though they are above the optimum for cotton growth [1] . A 26 possible reason for that contradiction is that the effects of soil moisture status and 27 humidity were not taken into consideration in the research studies conducted by other 28 researchers in other countries. The matter of fact is that temperature and evaporation are 29 closely related to each other to such an extent that the higher evaporation rate could 30 possible mask the effect of temperature. Sunshine duration and minimum humidity 31 appeared to have secondary effects, yet they are in fact important players [29] . The 32 importance of sunshine duration has been alluded to by Moseley et In contrast other researchers found that temperature was often the major factor affecting 4 cotton growth. In this respect, Holaday et al. [39] in growth chamber experiments with 5 cotton cv. Coker 312 showed that cool nighttimes (15 or 19°C) reduced photosynthetic 6 efficiency compared with warm nighttimes (28°C). This is ascribed to reducing stomata 7 conductance, resulting in lower sucrose levels during the day and reduced ability to 8 export sucrose from the leaf, to storage places. Oosterhuis [38] 
CONCLUSIONS 27
From the results obtained in the present study, it could be generally concluded that 28 minimum humidity and sunshine duration, were the most significant climatic factors 29 affecting cotton flower and boll production and retention in Egyptian cotton beside soil 30 moisture status. The positive correlation between minimum humidity value along with 31 the negative correlation between each of high air temperature and sunshine duration with 32 flower and boll formation, indicate that high value of minimum humidity, short period of 1 sunshine duration and low value of temperature would enhance flower and boll 2 formation. Temperature appeared to be less important in the reproduction growth stage of 3 cotton in Egypt than minimum humidity (water stress) and sunshine duration. These 4 findings concur with those of other researchers except for the importance of temperature. 5
A possible reason for that contradiction is that the effects of evaporation rate and 6 humidity were not taken into consideration in the research studies conducted by other 7 researchers in other countries. The matter of fact is that temperature and evaporation are 8 closely related to each other to such an extent that the higher evaporation rate could 9 possible mask the effect of temperature. Water stress is in fact the main player and other 10 authors have suggested means for overcoming its adverse effect, which could be utilized 11 as for the Egyptian cotton. It must be kept in mind that although the reliable prediction of 12 the effects of the aforementioned climatic factors could lead to higher yields of cotton, 13 yet only 50% of the variation in yield could be statistically explained by these factors and 14 hence consideration at the same time should be given to the management practices 15 presently being in use. The least important independent variable was soil moisture status. 16
In conclusion, the early prediction of possible adverse effects of climatic factors could 17 pave the way for adopting adequate precautions regarding the effect of certain climatic 18 factors on production of Egyptian cotton [1] . This would be useful to minimize the 19 deleterious effects of these factors, through the application of adequate management 20 practices, i.e. adequate irrigation regime (Orgas et al. factors, and this will lead to an improvement in cotton yield production in Egypt. 24
Nevertheless, it could be stated that during the production stage, an accurate weather 25 forecast for the next 5-7 days would provide an opportunity to avoid any adverse effects 26 of climatic factors on cotton production. It would be useful to minimize the deleterious 27 effects of those factors through utilizing proper cultural practices which would limit and 28 control their negative effects, and this will lead to an improvement in cotton yield. 29
Methods of early detection of stress in cotton in order to (may) allow timely management 30 inputs were investigated [41] . 31 . 32
